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the existence of such diverse pontin and
reptin complexes with different functions.
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Mammalian genomes are highly organized in the 3D space of cell nuclei, but whether this affects gene
function is unclear. Three papers now show that spatial relocation of a gene directly affects expression,
and surprisingly, that of its neighbors.The relationship between nuclear struc-
ture and genome function has developed
into a classic chicken-and-egg question.
Over the last decade in particular, re-
searchers have observed strong correla-
tions between gene expression states
and specific intranuclear positioning of
genes. For example, on a simplistic level,
active genes often occupy more internal
nuclear positions, while inactive genes
tend to be located toward the nuclear pe-
riphery. What hasn’t been clear is whether
differential localization to these and other
subnuclear ‘‘compartments’’ is a cause or
consequence of altered gene expression
states; in other words, do genes move to
specific functional compartments to get
activated or silenced, or do they relocate
because of the physical properties they
have acquired in the process of being ac-
tivated or silenced? A recent paper from
Harinder Singh’s group (Reddy et al.,
2008) employing inducible tethering of
genes to the inner nuclear membrane
(INM) has made a significant crack in
this conundrum. In mammalian cells the
nuclear periphery is comprised of a dis-
tinct set of INM proteins, such as LBR,LAP2, and emerin (EMD), as well as an un-
derlying network of proteins known as the
nuclear lamina, which has been proposed
to interact with transcriptional repressors.
A genome-wide screen to identify genes
associated with the nuclear lamina in Dro-
sophila cells found primarily silent genes
that were developmentally regulated,
suggesting it may be the final resting
place of previously used genes (Pickers-
gill et al., 2006). Reddy et al. tagged
a gene construct with a series of Lac op-
erator (LacO) binding sites and visualized
the intranuclear position of the gene in live
cells by expressing a hybrid protein. They
fused the green fluorescent protein (GFP)
to a domain from the LacI protein, which
inducibly binds the LacO sequences with
high specificity. Under these conditions
the gene tended toward an internal nu-
clear position and was expressed nor-
mally. Expression of another fusion pro-
tein, this time a hybrid between GFP,
LacI, and the transmembrane domain of
EMD, led to relocalization of the tagged
gene to the nuclear periphery and tran-
scriptional repression (Figure 1). Interest-
ingly, passage through mitosis was nec-Developmentalessary for relocalization to take place.
The fact that breakdown and reassembly
of the nuclear membrane is required for
stable peripheral relocation was elegantly
demonstrated in another recent report
from the Spector laboratory (Kumaran
and Spector, 2008).
Importantly, the transcriptional repres-
sion at the periphery observed by Reddy
et al. was not complete; some of the teth-
ered genes still showed weak transcrip-
tional activity. This result suggests that
the periphery is not a completely silent
zone, echoing earlier work in yeast reveal-
ing that silent and active compartments
coexist in the periphery (Akhtar and Gas-
ser, 2007; Taddei et al., 2006). The idea
that the periphery is not universally re-
pressive is reinforced by Kumaran and
Spector, who used a similar approach to
target a 4 Mb transgene array to the nu-
clear periphery and were able to inducibly
activate it in situ.
Intriguingly, Reddy et al. also found de-
creased expression of endogenous genes
within a few hundred kilobases of the in-
sertion site, suggesting that a tether site
could have more widespread effects.Cell 14, April 2008 ª2008 Elsevier Inc. 461
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more’s group (Finlan et al., 2008) cor-
roborates these findings and provides
additional insights. Finlan et al. used
a similar, but not identical, targeting
system. They inserted a gene con-
struct with multiple LacO sites into
two different chromosomes and as-
sessed activity of the transgene and
surrounding genes after relocation to
the periphery. Like Reddy et al., Finlan
et al. saw decreased expression of
the transgene and some of the neigh-
boring genes extending for hundreds
of kilobases from the integration site;
however, Finlan also showed reduced
expression of some gene tens of meg-
abases away. They suggest that the
transcriptional repression seen is
more of a dampening down, perhaps
caused by reduced efficiency of tran-
scription, rather than a throwing of an
on/off switch. Reddy et al. suggest
sequestration from RNA Pol II facto-
ries or assembly of a repressive chro-
matin structure to account for the re-
pression of genes targeted to the
INM. The former is supported by the
concept that chromatin mobility is es-
sential for genes to access transcrip-
tion sites (Osborne et al., 2004), and
the latter, by the fact that INM proteins
interact with a number of chromatin
regulators implicated in heterochro-
matin formation and transcriptional
silencing (reviewed in Vlcek and
Foisner, 2007). Reddy et al. found that
a decrease in the ‘‘active mark’’ histone
H4 acetylation accompanied tethering,
and Finlan’s results indicate that histone
deacetylases are required for suppres-
sion. However, Finlan et al. went one
step further by examining gene expres-
sion after release from the periphery.
They show that the suppressive effects
are reversible, indicating that heritable
chromatin modifications had not
taken place at the periphery.
Many more questions remain and
new ones have been uncovered by
these reports, but it is clear that taking
genes out of their normal nuclear con-
texts and placing them in foreign sub-
compartments can directly affect their
expression and those of their neigh-
bors. The general picture arising im-
plies that relocating chromatin is an
important element in the process of
switching between functional states.
Mobility may be key in getting genes
to where they need to be when they
need to be there to achieve appropri-
ate gene expression patterns.
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Figure 1. Genes Tethered to the Inner Nuclear
Membrane Are Transcriptionally Suppressed
A gene construct tagged with LacO sites is stably inte-
grated and expressed in mammalian cells. A GFP-LacI-
EMD fusion protein is stably coexpressed in the cells.
The protein is tethered to the inner nuclear membrane by
the EMD segment. In the presence of IPTG, LacI is unable
to bind to its target LacO sites and the reporter gene is lo-
cated in the nucleoplasm (before targeting). The gene can
be targeted to the nuclear periphery by removal of IPTG
(after targeting). The expression of the gene is suppressed
when the gene is tethered to the periphery.462 Developmental Cell 14, April 2008 ª2008 Elsevier Inc.
